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Science Requirements 
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u Fundamental interface between science interface and mission design 
u Need to make sure that all requirements are mapped into the 
required parameters 
•  Having the right values required for these parameters is also important 
u The scientific justification has to be solid. Both values and arguments 
will be (are being) challenged 
•  Make sure that they are realistic 
u Need to be quantitative in the goals that drive science requirements. 
Examples: 
•  Sample sizes need to be set and justified (e.g. volume-limited sample, 
minimum number “per bin”, etc). Doing “all” or an “arbitrary number” of 
targets is not a strong argument. 
•  Accuracy in velocity shifts or turbulences. What question does a particular 
accuracy enable to be answered? 
Structuring science requirements 
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u Level 0: top level goals 
u Level 1: breakdown of top level goals in quantified sub-
goals 
u Level 2: Breakdown into mission-related parameters 
•  Level 2a:  instrument, mission and observation plan 
requirements to fulfil Level 1 goals (but to some extent 
independent of mission concept options) 
•  Level 2b: subsystem requirements derived from Level 2a 
requirements, given a mission concept. 
•  Level 2c: same of 2a but for non-driving enhancements of the 
mission 
Jan-
Willem 
Level 0 Athena Science Requirements 
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u How does ordinary matter assemble into large-scale 
structures that we see today 
u How do black holes grow and shape the Universe 
u Study distant transient phenomena that connect high-energy 
astrophysics and cosmology (added by ESA’s SSC) 
u An observatory class X-ray mission to contribute to multi-
wavelength astrophysics in the 2030’s 
Science RequirementsV4.xlsx 
(prepared by D. Lumb) 
Level 1: Science requirements (I) 
Hot Universe 
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u Missing requirements on 
early galaxy groups 
u Missing requirements on 
thermal evolution of 
clusters etc 
u Questions on justification, 
sample sizes etc. 
Level 1 Science requirements (II) 
Energetic Universe 
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R-GOAL-110 ATHENA shall determine the nature of the seeds of 
the earliest growing SMBH (z>6), characterize the 
processes that dominated their early growth and 
investigate the influence of accreting SMBH on the 
formation of galaxies.
Populate the LX-z plane at high redshift, 
specifically: identify more than 400 AGN at z>6; 
R-GOAL-120 ATHENA shall  probe the first generation of stars, 
the formation of the first black holes , the 
dissemination of the first metals and the 
primordial IMF. Determine the elemental 
abundances of the medium around high-z GRBs by 
deriving  relative elemental abundances distinctive 
of primeval (Pop III) explosions versus evolved 
stellar populations in the spectrum of GRB 
afterglows.
R-GOAL-130 ATHENA shall  determine the accretion energy 
density in the Universe, by measuring the X-ray 
luminosity function and obscuration properties of 
the AGN population with at least 20 Compton thick 
AGN per luminosity bin (0.5dex) and redshift bins 
(Δz=1) up to redshift z~3.5.
R-GOAL-140 ATHENA shall  determine the incidence of strong 
and ionized absorbers, implying the presence of 
outflows, among the population of luminous AGN 
from z=1 to 4.
R-GOAL-150 ATHENA shall  measure the mechanical energy of 
moderately ionized outflows in LX>L* AGN at z=1-
4, spanning a broad range of column densities and 
ionization parameters.
R-GOAL-160 ATHENA shall  determine the incidence, duty cycle 
and energetics of transient Ultra-Fast Outflows 
(UFOs) in QSOs at z>1.
R-GOAL-170 ATHENA shall  measure the kinetic energy in 
nearby AGN outflows and understand how 
accretion disks around SMBH launch winds and 
outflows.
R-GOAL-180 ATHENA shall  probe directly the interaction of 
winds from AGN and star-formation with their 
surroundings in local galaxies,
to understand how the gas, metals and energy 
accelerated by winds are transferred into the 
circumgalactic medium, and to form a template for 
understanding AGN/starburst feedback at higher z.
R-GOAL-190 ATHENA shall  determine the geometry of the hot 
corona-accretion disk system and constrain the 
origin of the hot corona.
R-GOAL-200 ATHENA shall  determine the SMBH spin 
distribution in the local Universe as a probe of the 
SMBH growth process (mergers vs accretion, 
chaotic vs standard accretion).
R-GOAL-210 ATHENA shall  measure black hole spins of 
Galactic Black Holes (GBH) to provide insight into 
black hole birth events (GRBs and/or SN) that set 
stellar-mass black hole spins, and to study the 
relationship between black hole spins and outflows 
(winds and jets).
R-GOAL-220 ATHENA shall  determine the accretion geometry 
of Galactic Black Holes.
u Need to check that 
requirements on compact 
objects are captured 
somewhere. Some of them 
are part of the Energetic 
Universe: 
•  Distant GRBs 
•  Physics of compact objects 
•  BH spin, reverberation 
•  etc 
Level 2 Science Requirements 
Level 2a Level 2b 
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u Point source sensitivity 
u Spectroscopic sensitivity 
(low-high res, at 1 and 6 keV) 
u Weak-line sensitivity (at 1 
and 6 keV) 
u Survey speed 
u Velocity resolution 
u Effective area (for variable 
and transient sources) 
u … 
u Effective Area (at 1 and 6 
keV) 
u Spectral resolution 
u rms gain variations and 
spectral stability 
u Angular resolution 
u Particle background 
u Field of View 
u … 
200 WHIM filaments in abs 
Find > 400 growing  SMBH  z>6 
On axis area at 1 keV 
ToO reaction time 
GRASP/FoV (WFI) 
Weak line sensitivity 
Survey speed Angular resolution 
Charged particle bkgr (WFI) 
Background (X-IFU) 
Point source  sensitivity 
Spectral resolution (X-IFU) 
Count rate capability 
Absolute photon timing 
Level 1 Level 2a 
Spin of 30 SMBH 
Mechanical energy in clusters 
Level 2b 
Adapted from J.-W. den Herder 
Pointing accuracy 
Positional accuracy 
FoV (X-IFU) 
On-axis area at 6 keV 
rms gain stability  (X-IFU) 
Spectroscopic sensitivity 
200 WHIM filaments in abs. 
Find > 400’s of SMBH at z>6 
On axis area at 1 keV 
ToO reaction time (X-IFU) 
GRASP/FoV (WFI) 
Weak line sensitivity 
Survey speed Angular resolution 
Charged particle bkgr (WFI) 
Point source  sensitivity 
Spectral resolution (X-IFU) 
Count rate capability (X-IFU) 
Level 1 Level 2a 
Spin of 30 SMBH 
Mechanical energy in clusters 
Level 2b 
Adapted from J.-W. den Herder 
Pointing accuracy 
Positional accuracy 
 growing SMNH z>6 
Background (X-IFU) 
Absolute photon timing 
FoV (X-IFU) 
On-axis area at 6 keV 
rms gain stability  (X-IFU) 
Spectroscopic sensitivity 
Measure 200 WHIM filaments 
Find > 400’s of SMBH at z>6 
On axis area at 1 keV 
ToO reaction time (X-IFU) 
GRASP/FoV (WFI) 
Weak line sensitivity 
Survey speed Angular resolution 
Charged particle bkgr (WFI) 
Point source  sensitivity 
Spectral resolution (X-IFU) 
Count rate capability (X-IFU) 
Level 1 Level 2a 
On-axis area at 6 keV 
Spin of 30 SMBH 
Mechanical energy in clusters 
Level 2b 
Adapted from J.-W. den Herder 
Pointing accuracy 
Positional accuracy 
 growing SMNH z>6 
Background (X-IFU) 
Absolute photon timing 
FoV (X-IFU) 
Velocity resolution 
rms gain stability  (X-IFU) 
Spectroscopic sensitivity 
Measure 200 WHIM filaments 
Find > 400’s of SMBH at z>6 
On axis area at 1 keV 
ToO reaction time (X-IFU) 
GRASP/FoV (WFI) 
Weak line sensitivity 
Survey speed Angular resolution 
Charged particle bkgr (WFI) 
Point source  sensitivity 
Spectral resolution (X-IFU) 
Count rate capability (X-IFU) 
Level 1 Level 2a 
On-axis area at 6 keV 
Spin of 30 SMBH 
Mechanical energy in clusters 
Level 2b 
Adapted from J.-W. den Herder 
Pointing accuracy 
Positional accuracy 
 growing SMNH z>6 
Background (X-IFU) 
Absolute photon timing 
FoV (X-IFU) 
Velocity resolution 
rms gain stability  (X-IFU) 
Spectroscopic sensitivity 
On axis area at 10 keV 
Our task now 
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u Check that all Science Goals from the Athena Mission 
proposal are properly captured under Level 1 Science 
Requirements 
u We have usually skipped the “Level 2a” requirements, as we 
have been assuming a specific Athena configuration (single 
telescope, 5 year mission duration, etc) 
u Even if we concentrate on “Level 2b” requirements (effective 
area, angular resolution etc), we should record solid values 
for “Level 2a”  requirements. 
•  Insurance in case the mission concept evolves. 
